
Simulation of Landscape Pattern of Old Growth Forests of Korean ,Pine
By Block Kriging’

Introduction

Landscape can bc considered a spatially heterogeneous
area. and spatial pattern refers 10  the arrangement of
strucrural  heterogeneity of environments. resource and
biological systems in space (Forman et al 1986.  Turner
1987. I9S9.  Risser 1987. Turner et al 1991). Turner

( 1987. 1989)  considered that spatial pattern has impor-
tant consequences regarding the effective  dispersal of

organisms among landscape elements and the  spread of
disturbance across the  landscape. In landscape ecology.
spatial patrerns  \\ere caused hy different natural proc-
csses  and interactions under di flixtn  scales. and were
distributed regularity  in landscape mosaic. Therefor. it
is one of the nG1  questions in landscape ecokgical
studiestI,i  et al 1988.  Wiens 1988. Turner 19891. There
clists  ;I vertical and borizonral  varihtions  of vegeta-
tiontc.g..  Ihrcst  stands) and otlw  resource  (e.g.! soil) in
landscape level.  Tlwse  variations arc co&only in

Iandscapc  and have  I\VO conlponents:  one is k struc-
IllGil  component(e.g..  patch shapes. size) which  can k
idcntificd.  mlotber  is the  random \vbicb  is LIII~I~~I~  and
unintcrprctcd(  Burrough  1983  ). I3oth of wkicb  arc the
csntcr  in landscape stud&(  Forman  CI al I986 1.

Landscape  swucturc  must  be identilird and quantilied
in meaningful \\ays  bcforc  the  intcnctions between

----_-.-_--__.-_

landscape  pattern illld  ecological  proccsse5  CBll  he Ull-

derstood(Turncr  1989..  I99 I ). Tberc are  ~n;tny  quantita-

tive ways for spatial pattern analyzed  (Romme 1981.
O’Neili et al 1988. Turner 1988.  1991.  Milne 1988.
Rurrough  1986;  Gardnkr  et al 1987)  and spatial simula-
tion of landscape pattern and cbangcs  (Turner 1987.
1988.  Bartrell  et al I99 I. Merriam et al I99 I. Gardner
et al 1991). which were  developed during past over

decade. Spatial statistics. e.g. spatial autocorrelation. is
one of the spatial tnodels.  Semivariopram.  as spatial
aurocorrelation. esamines  spatial variation and correla-
tion of natural pbcnonwnn(  Matheron 1963. .lournel  et al
1978..  W’ebster  1985.  Cressic  I99 I ). Semivariopnm is
based on the theory of rcgionalized  variables and I\ bile
recent applications of \vbich  in ecological research  IlilW
demonstrated  its cffcctkencss  to sunnnarix  spatial
data (Robertson  1987. l<ohcrtso~~ et aI  IOW. Palmer
19%  Fortin  et aI  I WW.  I xgsndre cl al  IO80.  113  in ct  al
1989.  Rossi et id  IOT).  Otw 01’  tlr prinw  rwsoiis  Iill

ohtaining a seniivariograin  is to iiw for spatial estima-
tion.  e.g. kriging (Journcl  et al 1978.  Wehstcr  1985).
Kriging i s  a  tccbniquc  of making  optimill.  unbiased
cstitnatcs  nf regionalizcd  variables at unsa~nplcd  loca-
lions  using the structural propcrtics  of tlie  seniivnri-
ogmm  and the  initial SL‘I of data  valucs(Journcl  et  al
1978. Trangtnar et al 19SS). Tlterclbr. kriging can be



used for landscape simulation and mapping spatial pat-
tern(e.g.. patches) by landscape(or  spatial) data.

Korean pine(Pinw  koraiensis)  forests, which often
mixed with hardwoods, e.g. birch(Berufu  cosra@.
ash(Fra.rinus  mandshurica). walnut (Juglans  man-
shurica), corktree(Phellodendron  atnurense),  linden
(Tilia  amurensis),  typical old growth forest ecosys-
tem(Chen 1982, Li et al. 1993, Wang et al. 1996).  i s  a
main important forest landscape in Northeast Parts of
China. It is high degrees of spatial and temporal hetero-
geneity at different scales(Wang  et al 1997). which ef-
fected on landscape pattern and processes. There are
some different landscape patterns in Korean pine for-
ests. The distribution of species, structures of age, en-
ergy, nutrient cycling, and regeneration would be re-
lated to the sizes, shapes of patterns. But. studies of
landscape ecology, specitically,  spatial pattern for Ko-
rean pine forest have been lacking during the past. We
should know the development and dynamics of spatial
heterogeneity, interactions and exchanges across het-
erogeneous landscape, the influences of spatial hetero-
geneity on biotic and a biotic processes. and the man-
agement of spatial heterogeneity(Turner 1989) at dif-
ferent scales in landscape of Korean pine forests. we
may understand well the trues of structures, functions
and dynamics of Korean pine forest ecosystems in
landscape level.

In this paper we use semivariogram model to analyze
spatial heterogeneity and block kriging(Journel et al
1978, Webster 1985.  Trangmar et al 1985) to sim’ulate
landscape pattern of Korean pine forests, and discuss
the relations between spatial heterogeneity and patterns.
We specifically discuss (I)  the characteristics, degrees
and scales of spatial heterogeneity; (2)kriging and
mapping for landscape patterns, and (3)the sizes and
shapes of spatial patterns of Korean pine forests.

Theory of Block Kriging
I

The method of estimation embodied in regionalized
variable theory is known in earth sciences as kriging.
after  Krige(l966).  who first devised it empirically for
use in the South African goldtields.  It is essentially a
means of weighted local averaging in which the
weights are chosen so as to give unbiased estimates
while at the same time minimizing the estimation vari-
ance. Kriging is this sense optimal(Webster  1985).

In block kriging, a value for an area or block with its
center at ,Y,, is estimated. The kriged value of property
Z for any block V is a weighted average of the ob-
served values Xi  in the neighborhood of the block. i.e.,

1 3 2

where n is the number of neighboring samples Z(XJ
and A i are weights applied to each Z/.u-3.  The weights
are chosen so that the estimate 2 (1’)  of the true value
Z(V,  is unbiased, i.e..

E[i(l’)-Z(J.)]=O (2) I
and the estimation variance 0f for block V is mini-

mized.  i.e., J

(4)

S i m u l a t i o n  o f  L.and.scape,  P a t t e r n  o f  O l d  G r o w t h  Forews  o f  K o r e a n  P i n e  Dy  B l o c k  K r i g i n g

o; =  VAR[Z(I’)-Z(I:)]=  minimum (3)

The weights placed on each neighboring sample sum to
I. and their unique combination for which of is mini-

mized can be obtained  when

i=,

and unbias conditions is TX, = t . The estimated vari-’
i=l

ante  is shown in below

(5)

where y ( x~,  v) is the average semivariance between

the sample points Xi in the neighborhood and those in
the block V, y (V,V)  is the average semivariance be-
tween.all  points within  V (i.e., the within block vari-
ance of classical statistics)(Journel  et al 1978).  and fl  v
is the Lagrangian parameter associated with the mini-
mization. Eq.(4)  is the n+l  equations of the kriging
system. Kriging thus provides not only unbiased esti-
mates of minimutn variance, but also a measuti  of the
estimation variance. In this respect it is supdrior  to
other methods of interpolation(  Joumel et al 1978,
Webster 1985.  lsaaks et al 1989).

The most common use of block kriging has been for
the production of maps of spatially dependent proper-
ties. Spatial pattems,and  variations can be seen clear on
the kriging maps. Most applications of kriging in min-
ing science ( Joumel et al 1978.  lsaaks et al 1989).  soil
science (Webster 1985,  Trangmar et al 1985),  ecology
(Robertson et al 1987. 1988. Rossi  et al 1992) used
kriging maps to show spatial patterns in research re-
gions or sampled locations. Block kriging is an effec-
tiveness methods of interpolation for spatial data(lsaaks
et al 1989).

I

Study Site and Data

The study site was located the old growth forests of
Korean pine . at the Liangshui natural reserve of Xaox-
ing’an Mountains, El28’  48’30” to El28’ 55’50”.  N47O
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7’39” to N47” 14’22”,  in Northeastern China. It is a
typical forest vegetation and landscape in this re-
gion(Wang et al 1996, Li et al 1993). The climate is

terrestrial temperate and monsoon climate, average an-
nual temperature is -0.3”C.  and temperature range from
-43OC  to 38”C, and annual accumulated tempera-
ture(2S’C)  is about 2OOO’C.  Annual precipitation is
676 mm, relative humidity is 0.78. and evaporation is
805 mm. The range of frost free season is from 100  to
120 days. The typical soil under forests is dark-brown
soil.

The total area of Liangshui natural reserve is about
6394 ha, most stands are mixture between conifer(e.g.,
pine (Pinus korahnsis). spruce(Picea  rnandshurica.
Picea  koriensis), and fir (Abies  rieplrrofepis))  and
hardwoods(e.g..  ash, birch. oak. linden, corktree. and
walnuts). There are twelve fbrest  types which were dis-
tributed in landscape(Li  et al 1993). its age range dis-
tribute from 200 to 300 years, and over 400 years for

the dominant species of Korean pine.
The area size for this study  is 144 hmz.  selected from

airphoto  which was taken in 1983. located in undis-
turbed old growth stand. For simulating landscape pat-
tern, we established 12  transects from south to north in
1995. and setup 12 plots in each transects. The total
yumbers  of plots is 144 and each plot size is 30x30 m
in sampled region. The sampling interval between tran-
sects. and between pldts  are 100 m(Fig.1).  In each plots,
we measured ‘and named each trees. height. DBH. base
area, age, cover rate, densities. soil, and plants. We also
measured and defined the elevations, aspects. slopes.
and micro-topography.
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Fig. 1. Diagram of plot locations sampled in the old growth

f o r e s t  o f  K o r e a n  p i n e
In datasheet of 144 plots from fields, we calculated

base area of each species and stand compositions. m

order to define and name the stand types in each plots.
Geostatistical analysis, calculating semivariograms of

forest types from field data, fitting various models lo
semivariograms, and kriging. were performed using
GS+(Gamma Design 1995) software. The landscape
heterogeneity were first analyzed by the parameters of
semivariogram; e.g., range, sill, nugget, and fractal di-
mension. The four parameters are useful tools for quan-
tification of spatial heterogeneity at differeni landscape
levels. Specifically, nugget variance to sill ratio reflects
the proportion of ‘nugget variance in total vari-
ance(Robertson 1988, Li et al 1995). Where this pro-
portion approaches 0, spatial dependence is very high,
there must be spatial patterns in sampled region. Where
this proportion approaches I, apparent spatial depend-

ence is very low. indicating that spatial pattern occurs
mainly at scales smaller than the average distance in the
tirst lag interval, in our case 100 m.

The semivariogram of forest types, fitting by the
models of theoretical semivariograms. can. be consid-
ered as landscape model for describing variations of
forests in space in sampled region. We use ordinary
block kriging(lsaaks et al 1989) with a block size of 20
m across the field to interpolate unsampled locations
and produce kriging maps.

Results and Discussion

Results

There are five forest types. Spruce-tir forests(  18%).
Spruce-Korean pine forests(48%). Libbed birch-Korean
pine forests(9%).  Amur l inden-Korean pine for-
ests(22%),  Mongolian oak-Korean pine forests(3%),
which were distributed in 144 plots and indicated ‘dif-
ferent forest ecosystems, or forest patches.
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Fig. 2. Semivariogram of forest types at landscape levels. The

fitting model is linear with sill
The variable of forest types was examined by

semivariogram analysis. Values of the parameters of
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semivariogram and t i l t ing  model are given in Table I.
and isotropic semivariogram (Fig.?). four perpendicular
directions used in anisotropic semivariograms(Fig.3)
were constructed. Kriging map. by using theory
model( l incar  \vith sill in ‘fable I ) ofsemivariopram.  for
simulation landscape pattern  of Korean pine tbrests is
illustrated in FigA.

Discussion

.fhcre  was a high degrees  of landscape hcterogenrity
ohsc rved  in  o ld  ~crrowth Ibrests o f  Ko rean  p i ne .

Seniivariogram  for  Ihrcst  types  show increas ing ly
strong autocorrelation a~  distances of less than 715
m(  I-ig.2) in Inndscapc level. T h i s  Illc’ilIlS  that torest
patches in this landscape  may he ahout  710  ni.  Bcgond

that distance the semivarioyram  was essentially tlat.

indicating the region where forest  types among each
may  be independence in space. The nuLgg,et  vari-
ancc(C,,=O.(,~OO)  to sill (C,.  + C = 1.1000)  ratio show
that the spatial hetcrogencity  of  random is about 5%.
and the degree  of spatial dependence was moderately at
-IS%.  By csamining  the balance hetwecn these  two
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componenls.  one can gain insight into spatial heteroge-
neity at different scales. The forest types at small scales.
independence less than 100  m. were operated by inter-
processes (e.g.. competition. regeneration inside stands)
or sampling error(Trangmar  et al 1985.  Webster 1985).

and the scale-dependence between IO0  metros to range
(7 I8 111)  may be caused by landscape processes.
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The characteristics of semivariograms of forest  types important processes operating at different scales, vvhile

(Fip.3)  in four directions show that there are a stronger the semivariogram in direction of 0 =?O.  a flat curve

anisotropic structure at different directions beyond the indicates that  a few processes may be equally important

distances of 400 m. In direction of 8  =O. an abrupt at all scales (Trangmar et al 1985, Webster 1985).

change in slope of a semivraiogram  indicntcs that the Comparing fractal value’ (D=l  .SSOO)  with anisotropic

variations of totest  types may he controlled hy several structure. the landscape heterogeneity could be com-



plexity.  Soil condition (e.g..  soil types and moisture)
and microtopo_Praphy(e.&$.  ION’  Or hi&  Site) are an illl-

portant  factors which has effect on forest types. This is
consistent with our field esperience  in sampled region.
Thus. the differences of anisotropic semivariograms  in
the four directions(Fig.3) should represent real differ-
cnccs in the landscape.

Fig. 4.  A simulrtion  of landscape pattern of old growth forest

of Korean pine by block kirging.

Landscape. or spatial. heterogeneity lead up to land-
scape pattern(  Fonilan  et ‘al 1986.  Turner 1989).  which
is a scale-depcndcnt pattern due to spatial heterogeneity
is ihe function of scales. Krifing  map(Fi@)  show the
landscape patterns of old growth forests of Korean pine
in sampled r@n.  From south to north:  .the \!ariation  of
topography. or gradients. is about 40-60 III. Soil mois-
turc  is from \\ct in low  site to dry in hill or top site. The
iiircsl  typr‘s  or ecosystems. from spruce-lir forests in
Io\v-lying  land to spruce-Korean pine fbrests.  lihbcd
birch-Korean  pint forests. amur  linden-Korean pine

Ibrcsts  in hillsitlc.  and Mongolian oak-Korean pine for-
ws in top site. \\;cre  changed in series. The shape and
six  of pancrn(  l’if.4) show the characteristics of each
forest types mosaic in old growth  forest  landscape.
\\ hich  indicate  hi@cr spatial heterogeneit>.  This f*orcst

mosaic or patches result from comples interactions be-
twecn  ph\sical(e+,
cal(e  11

so i l .  topo&raphy) and biologi-
.*.. competition. succession) forces(Turner 1989).

it is a unique phenomenon that emerges at the land-
scape level.

Fig.  5 illustrated the real spatial distributions of forest
types. which were typed from datasheet of I44 plots
and are very roughly using 100  m sampling interval. In
kriging. there are about 3456 interpolated values with
70  m interval. The Geld  data and interpolated values
can be used for mapping spatial pattern through kriging
mapping. It would have some error. but we should
hior\  that kriging iS a technique of making optimal.

unhiased estimates of regionalized variables at unsam-
pled locations using  the structural properties of the
semivaioyram  and the ini t ia l  set  of  data val-
ues(Tranfmar et al 1985). a useful feature of kriging is

that an error term is calculated for each estimated value.
providing a measure of the reliability of the interpola-
tion. Comparing both Fig.4 and Fig.% kriging  tech-
nique is an effectiveness method for simulating distri-
hutions  of forest types and to patterning in landscape.
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Fig. 5. Spntial  distributions of forests types rt landscape level

in sampled region
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Conclusion

Landscape ecology emphasizes broad spatial scales
and ecological effects of the spatial patterning of eco-
systems. Spatial pattern. which was operated by spatial
heterogeneity. is the indicators of landscape and is an
important in landscape ecological studies. Old growth
forests of Korean pine are high degrees of spatial het-
erogeneity at different scales and directions in land-
scape level. The distribution of forest types in research
region were scale-dependence and patterned in space.
T h i s  s p a t i a l  p a t t e r n  w h i c h  w e r e  m o s i a c e d  b y  f o r e s t
types result from complex interactions between physi-
c a l  ( e . g . .  s o i l  p r o p e r t i e s .  t o p o g r a p h y )  a n d  biologi-
cai(e.g..  competition, succession) forces and processes

in landscape level. Kriging is an effective technique to
simulate landscape patterns of old growth forests of
Korean pine.
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